Classical ferruginous bodies in tissue samples are considered to be markers of past exposure to asbestos. Recent studies have shown that the presence of ferruginous bodies in bronchoalveolar lavage (BAL) fluid correlates with past exposure to asbestos and offers a more sensitive reference than occupational history. Lavage samples from five subjects who had worked in foundries were evaluated by light microscopy for the presence of ferruginous bodies and by transmission electron microscopy for both characterisation of the uncoated fibre burden and analysis of the cores of the ferruginous bodies. All samples at lower-magnification (light microscopy (200 x)) contained ferruginous bodies that were externally consistent with asbestos bodies. At higher magnification (400 x), a separate population from this group could be identified by the presence of a thin black ribbon. Transmission electron microscopy of the core materials of ferruginous bodies and comparable uncoated particulates supported the reliability of higher magnification light microscopy for distinguishing most of those nonasbestos cores; however, a population of transparent non-asbestos cored ferruginous bodies were also shown to exist.
The usefulness of bronchoalveolar lavage (BAL) in supporting the diagnosis of certain occupational pulmonary diseases has been discussed in several reviews.' 2 Studies have shown that this technique is useful in confirming past occupational exposure to asbestos through the presence of ferruginous bodies in the BAL fluid.5 De Vuyst and colleagues have further shown a correlation between the concentration of asbestos bodies in BAL fluid and fibre burden in the lung.6 Two other reports used analytical electron microscopy to confirm that the cores of ferruginous bodies in BAL fluids were asbestos fibres.78 All of these studies included at least one group of subjects having known or suspected occupational exposure to asbestos. The use of light microscopy for defining the number of ferruginous bodies and the assumption that these are asbestos bodies are supported by the arguments: (1) occupational exposure to asbestos is a known stimulus for ferruginous body formation; (2) Churg and Green have stated that "nonasbestos-containing bodies are easily separated from true asbestos bodies with a light microscope." 9 The criteria used by Churg and Green9 and De Vuyst et a16 for equating ferruginous bodies with asbestos bodies include being formed on a clear, often straight, core, and having a regular or segmented, yellow to brown ferroprotein coating.
In further support of this conclusion, asbestos has been shown by analytical electron microscopy to comprise the core material in samples from the general population.'0 11 Gross et al,"2 however, have reported that transparent non-asbestos fibres are capable of producing ferruginous bodies in experimental animal models. Appreciable numbers of such uncoated non-asbestos fibres'3 14 have been reported in human lungs and thus offer the potential for various types of cores.
The foundry workers in the present report had been exposed to a mixed dust environment that has been characterised as potentially containing fibrous (asbestos and non-asbestos) and non-fibrous dusts.15'7 The BAL fluids from five subjects with such exposures were referred for laboratory assessment for the presence of ferruginous bodies and characterisation of the uncoated fibre burden.
Analysis offerruginous bodies in bronchoalveolar lavage from foundry workers Patients and methods Bronchoalveolar lavage fluid was collected as a part of a diagnostic evaluation from five men who had a history of working from 20 to 31 years in foundries and iron reclamation plants. All were from nonurban areas of east Texas and their ages ranged from 60 to 77 (average 66) years. The group contained two non-smokers and three former smokers.
Fibreoptic bronchoscopy was used to collect samples. A total of 100 ml saline was injected into selected areas (right middle lobe or lingula) of the lung in 20 ml aliquots. The recovered fluid ranged from 19 ml to 83 ml (average 47 ml). A small aliquot ( < 0 1 ml) was taken for determination of white cell and differential cell counts. The percentage of phagocytes was obtained by combining the macrophage, neutrophil, and eosinophil percentages. This percentage of phagocytes, which ranged from 84% to 99% (average 89-4%), was then multiplied by the white cell count. The remaining BAL fluid was centrifuged at 700 g for 10 minutes to concentrate the material. The pellet was resuspended in a known volume (2 to 10 ml) of 3% phosphate buffered glutaraldehyde fixative, (pH 7 3, 0-1 M). The white cell count for the fixed BAL fluid ranged from 270 000 to 1 050 000 (average 667 800) white cells/ml and the phagocytes ranged from 226 800 to 1 039 500 (average 613 794) phagocytes/ml.
Samples for analysis were prepared with the modified bleach digestion procedure of Williams etal.'8 All reagents and distilled water were prefiltered (0 2 pm polycarbonate filter, Nuclepore). Reagent blanks were prepared to determine background contamination. Digested BAL fluid material was collected on either 0-2 pm polycarbonate (Nuclepore) or 0-22,um mixed cellulose ester (Millipore) filters. The amount of glutaraldehyde fixed digested material collected on the polycarbonate filters ranged from 1-0 to 2-5 (average 1 5) ml and from 340 000 to 1 039 500 (average 791 394) phagocytes, whereas the amount filtered for the mixed cellulose ester filters ranged from 0-5 to 3-0 (average 1-55) ml and from 319 200 to 1 479 000 (average 740 833) phagocytes. A ratio of 1 ml of glutaraldehyde fixed BAL fluid to 8-10 ml sodium hypochlorite bleach (9-2% Wright's laundry bleach) was used for the digestions. The filters were treated sequentially with 4% potassium permanganate, 8% oxalic acid, 9-2% bleach, and 8% oxalic acid.'8 Each addition was followed by a water rinse. Filters were air dried, mounted on glass slides, and stored in Petri dishes. LIGHT 
MICROSCOPY
One quarter of each mixed cellulose ester filter was collapsed in acetone vapour, placed under a cover slip, and reviewed at 200 x to 400 x with an AO MicroStar microscope. All ferruginous bodies were counted and categorised based on external morphology and, where possible, on appearance of the core material.
The general term ferruginous body, denotes a golden brown ferrocoated structure1' 1219 and in the initial scan of the filter, various forms of ferruginous bodies were seen in each subject.
To differentiate the separate forms, a classification system of four categories was used. The first category (type A) consisted of elongated reddish or golden brown structures with beaded or segmented morphology and contained a transparent fibrous core. An additional group of similar structures was totally coated. Both of these beaded forms were morphologically identical to classical asbestos bodies as defined by light microscopy.9 11 19 20 The second category (type B) was identical to the type A structures in external morphology, but at 400 x magnification, a thin black filament was evident as the central core.
The type C ferruginous bodies were also formed on a black core. This core was rectangular or rod like in appearance rather than a thin central filament. The external morphology was consistent with the beaded form of the type A and B ferruginous bodies.
The final form (type D) was covered with a ferruginous coating and was clearly not formed on a fibrous or elongated core, but rather on black or grey particles of various shapes.
All the types of ferruginous bodies had a golden or reddish brown coat. A summary of the ferruginous body classification by light microscopy is: type A-clear core (classic ferruginous body); type B-Thin black filament core (seen at 400 x ); type C-Black, thick with elongated core; type D-Odd shaped ferruginous body with gray or black core. ELECTRON 
Each polycarbonate filter was carbon coated at 4 x 104 Torr in a Denton 502A vacuum evaporator for transmission electron microscopy and sections were mounted in 100/200 mesh folding copper grids. The filter matrix was dissolved in chloroform with a modified Jaffe-wick procedure, thereby entrapping fibres and ferruginous bodies in the remaining carbon film. For scanning electron microscopy, filter sections were mounted on carbon studs with colloidal graphite. The sections were coated with gold in an Emtech K550 for four minutes at 7-5 x 10-3 Torr argon. Transmission and scanning electron microscopy preparations were evaluated in a JEOL 1200EX interfaced to a TN-5500 Series II x ray energy dispersive analyser. x Ray energy dispersive spectrometry (XEDS) is capable of digital beam x ray mapping of the- group.bmj.com on July 7, 2017 -Published by http://oem.bmj.com/ Downloaded from Analysis offerruginous bodies in bronchoalveolar lavage from foundry workers 3(G).
The exposed cores of sixty type B ferruginous bodies were analysed. The exposed black filament in type B ferruginous bodies (figs 4(A) and 4(B)) did not give peaks by x ray energy analysis and was considered to be an amorphous organic material, as was the central area of the type C form. By electron microscopy, the distinction between the type B and C forms at the light microscopy level was based only on thickness of the core material. The analysis of cores from nine of the C types gave the same information as the analysis of the cores of the type B forms.
The type D ferruginous bodies could not be confused by light or electron microscopy with ferruginous bodies formed on fibrous material. The analysis of the core material of 140 such structures was confirmed to be mixed dust ( fig 5) . These included carbon material, (no XEDS peaks above neon) silica, and titanium, as well as various alumina silicates and mixed silicates.
Uncoated chrysotile or amosite asbestos fibres were found in the lavage samples from four of the five patients whereas fibreglass fibres were found in material from two patients. Four of the patients were found to have amorphic fibres as determined by selected area diffraction and did not yield detectable elements when analysed by XEDS (fig 6) . These fibres were considered to be the equivalent of the cores of the B and C form of ferruginous body and comparable by XEDS to the carbon cores described by Churg and Warnock. '9 Each of the samples also had other uncoated fibres that were found to be silicon, titanium, iron, or various aluminum silicates by XEDS analysis ( Figure 6 Only a background peak of copper is generated on this XEDS (inset) of an uncoated fibre that is equivalent to the core material in the type Bferruginous body, originally x 8000.
